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BY-NC-ND license (http://creativecomPurpose: Students with cognitive impairment are at increased risk of suffering from visual
impairment due to refractive errors and ocular disease, which can adversely influence learning
and daily activities. The purpose of this study was to evaluate the ocular and visual status
among students at the special education school in Hualien.
Methods: All students at the National Hualien Special Education School were evaluated. Full
eye examinations were conducted by a skilled ophthalmologist. The students’ medical records
and disability types were reviewed.
Results: A total of 241 students, aged 7e18 years, were examined. Visual acuity could be as-
sessed in 138 students. A total of 169/477 (35.4%) eyes were found to suffer from refractive
errors, including 20 eyes with high myopia (e6.0 D) and 16 eyes with moderate hypermetro-
pia (þ3.0 D to þ5.0 D). A total of 84/241 (34.8%) students needed spectacles to correct their
vision, thus improving their daily activities and learning process, but only 15/241 (6.2%) stu-
dents were wearing suitable corrective spectacles. A total of 55/241 students (22.8%) had
ocular disorders, which influenced their visual function. The multiple disability group had a
statistically significant higher prevalence of ocular disorders (32.9%) than the simple intellec-
tual disability group (19.6%).
Conclusion: Students with cognitive impairment in eastern Taiwan have a high risk of visual
impairment due to refractive errors and ocular disorders. Importantly, many students haveve no association with or involvement in any organization or entity with any financial or nonfinancial
erials discussed in this manuscript.
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Recently, evidence has suggested that students with
cognitive impairment are at increased risk of refractive
errors and visual impairment.1,2 Previous studies also
showed the high prevalence of ocular disorders in students
with cognitive impairment.1,2 For example, the prevalence
of strabismus was found to be higher in this group than in
the normal child population.1e4 However, effective vision
tests are not regularly performed for this group in Taiwan.
At the special education school in eastern Taiwan, there is a
pediatrician, child psychologist, and dentist for regular
care of students, but no ophthalmologist. Learning abilities
of students with cognitive impairment are typically lower
than those of normal students. Additionally, unrecognized
visual impairment may adversely influence learning,
dependence, daily activities, and social behavior. Impor-
tantly, their visual difficulties include potentially correct-
able refractive errors. Owing to poor expression abilities,
visual problems of these students are usually neglected by
caregivers. Moreover, because of the poor cooperation, the
visual acuity test and examination of refractive errors are
very difficult to perform in these students. Even though
some students have spectacles, unsuitable correction often
exists.1 No larger study in the literature reported poten-
tially correctable refractive errors and analyzed the cur-
rent spectacles of students with cognitive impairment in
Taiwan. The purpose of this study was to evaluate the
ocular status, visual status, and current spectacles among
students at the special education school in eastern Taiwan.Methods
Hualien County is situated in eastern Taiwan, and has a
population of 330,000 people. The National Hualien Special
Education School, founded in 1992, is the only school for
students with special educational needs in Hualien. It has 262
students. The majority of children and teenagers with pro-
found intellectual or/and physical disabilities in Hualien
attend this school. It is the oldest and largest special educa-
tion school in eastern Taiwan, and is appropriate to represent
students with cognitive impairment in eastern Taiwan.
In March 2015, all students at National Hualien Special
Education School were evaluated, regardless of their pre-
vious eye condition. Written informed consent was ob-
tained from the parents or legal guardians of all students. A
full eye examination was conducted by a skilled ophthal-
mologist with pediatric experience. A member of school
staff, who knew the student well, accompanied each stu-
dent during examination. The ophthalmological assessment
included general observations of visual attention andao W-S, et al., Ophthalmologic ab
tected visual impairment, Journafixation, ocular alignment by Hirschberg and/or cover test,
uncorrected and corrected visual acuity measured by
Landolt’s C chart, refractive error by retinoscopy, anterior
segment examination by slit-lamp, and fundal examination
by direct ophthalmoscopy. Pupil dilatation was done only if
the fundus could not be examined through an undilated
pupil. Medical charts were reviewed, and the type of
disability of the student was recorded. Following the ex-
amination, spectacles were prescribed to students with
uncorrected refractive errors or whose current spectacles
were unsuitable. The refractive status of each eye was
categorized as follows: myopia, if the spherical equivalent
(SE) was e1.0 D; high myopia, if the SE was e6.0 D;
hypermetropia, if the SE was þ1.0 D; moderate hyper-
metropia, if the SE was between þ3.0 D and þ5.0 D;
astigmatism, if the cylinder was þ0.5 D or e0.5 D; or
high astigmatism, if the cylinder was þ2.0 D or e2.0 D.
We used the cutoff value of 1.0 D for the SE of refractive
errors due to the poor cooperation of students.
The students’ visual acuity, refraction, and ocular dis-
orders were recorded and entered into a database. The
data were then grouped according to the types of disabil-
ities of the students. Intellectual disability (ID) is defined as
a level of intellectual functioning that is below average and
results in significant limitations to the person’s daily living
skills. The classification of ID included mild ID with an in-
telligence quotient (IQ) of 55e69, moderate ID with an IQ of
40e54, severe ID with an IQ of 25e39, and profound ID with
an IQ of 24. Multiple disabilities (MDs) are defined as
concomitant impairments, the combination of which causes
such severe educational needs that they cannot be
accommodated in a special education program solely for
one of the impairments. A Fisher’s exact test was used to
compare the prevalence of ocular disorders in each group.
We also compared the results of the refractive errors in the
present group with results from large population studies of
normal children, as well as other studies of students with
cognitive impairment. This study had the approval of the
local institutional review board (the Institutional Review
Board/Ethics Committee of Mennonite Christian Hospital;
official approval code: 15-03-005).Results
Demographic features
The total number of students at the school was 262.
Twenty-one students were unable to take part in the ex-
amination. Data were available for the 241 students who
took part, which included 154 (58.8%) male and 87 (33.2%)
female students. Thirty-three (13.7%) students were agednormalities among students with cognitive impairment in eastern
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(66.4%) were aged 16e18 years. The types of disabilities
included 36 (13.7%) mild ID cases, 91 (34.7%) moderate ID
cases, 28 (10.7%) severe ID cases, 70 (29.0%) MD cases, and
16 (6.1%) autism cases.
Visual acuity
Visual acuity (VA) could be reliably assessed in 138 children.
The data revealed that 160 (58.0%) eyes had VA  0.8, 58
(21.0%) had VA between 0.4 and 0.7, and 58 (21.0%) had
VA  0.3. A total of 103 students could not cooperate with
the VA test. However, an objective refractive examination
could be performed, and hence they have been included in
the final case analyses.
Refractive errors
Noncycloplegic refraction was successfully measured in 477
eyes of 241 students. Data could not be collected for five
eyes of five students in the MD group due to ocular disease
(leukoma and cataracts). Refractive errors and the type in
each group of disability are presented in Tables 1 and 2.
There were 129 (27.0%) eyes with myopia, including 20
(4.2%) with high myopia; 40 (8.4%) eyes with hypermetropia,
including 16 (3.4%) with moderate hypermetropia; and 310
(65.0%) eyes with astigmatism, including 71 (14.9%) with high
astigmatism. Among these students, six had anisometropia.
Current spectacles and new prescriptions
Our criteria for the prescription of spectacles were refractive
errors of <1.50 D or >þ1.50 D, and/or a cylindrical
correction of >2.0 D. We also consulted school teachers for
the visual function requirements for learning and daily ac-
tivities of each student. If a student’s refractive error
matched the above criteria and he/she needed far or near
vision for learning, then correction of spectacles was sug-
gested. Using these criteria, 84/241 (34.8%) students needed
correction of spectacles (Table 3). Among these students, 58
(24.1%) did not have spectacles and 26 (10.7%) had pre-
existing spectacles. The prescription for the current specta-
cles was considered suitable when the prescription differedTable 1 Spherical equivalent and the type in each group of dis
Refractive error
Spherical equivalent
Mild ID Mod
Emmetropia (þ0.75 D to 0.75D) 47 122
Total myopia eyes 25 43
Mild myopia 1.00 D to 2.75 D 13 28
Moderate myopia 3.00 D to 5.75 D 4 10
High myopia e6.00 D 8 5
Total hypermetropia eyes 0 17
Mild hypermetropia þ1.00 D to þ2.75 D 0 9
Moderate hypermetropia þ3.00 D to þ5.00 D 0 8
Total eyes 72 182
ID Z intellectual disability; MD Z multiple disabilities.
a Five eyes in the MD group could not be evaluated.
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result. A total of 66 (27.4%) spectacles with suitable correc-
tions were prescribed, for 55 students who needed correction
but did not have spectacles and 11 students with unsuitable
current spectacles. Three students needed correction of
spectacles but had self-injuring behavior. We did not pre-
scribe spectacles for them for their safety.
Ocular diseases
A total of 55/241 (22.8%) students had ocular disorders.
Among these students, 21 had more than one diagnosis. The
ocular disorders are listed in Table 4. Classification of 36
students with strabismus revealed eight students with
exotropia, 20 with alternating exotropia, six with esotropia,
one with alternating esotropia, and one with hypo/hyper-
tropia. Table 5 shows the prevalence of ocular disorders in
each type of disability. The prevalence of ocular disorders
is 19.6% in the ID group, 32.9% in the MD group, and 12.5% in
the autism group. A comparison of the ID group versus the
MD group by Fisher’s exact test showed that the MD group
had a statistically significant increased prevalence of ocular
disorders (p Z 0.04).
Students with Down syndrome
A total of 16 students with Down syndrome were included in
this study. Nine (56.3%) of them were male. Among these
students, 13 (81.3%) students (26 eyes) had refractive er-
rors; 15 (46.9%) eyes suffered from myopia, including 6
(18.8%) with high myopia; 7 (21.9%) eyes suffered from
hypermetropia; and 25 (78.1%) eyes suffered from astig-
matism, including 15 (46.9%) with high astigmatism. A
comparison of the incidence of refractive errors in students
with Down syndrome (26/32, 81.3%) versus that in the
remaining students with cognitive impairment due to other
causes (143/445, 32.1%) was statistically significant by
Fisher’s exact test (p < 0.0001). A comparison of the inci-
dence of myopia, high myopia, hypermetropia, and high
astigmatism in students with Down syndrome versus those
in the remaining students was statistically significant by
Fisher’s exact test, with p Z 0.012, 0.001, 0.011, and
<0.0001, respectively. Six (37.5%) students had ocularability, in 477 eyes of 241 students.a
erate ID Severe ID MD Autism Total (N ) %
46 70 23 308 64.6
8 44 9 129 27.0
2 27 5 75 15.7
4 12 4 34 7.1
2 5 0 20 4.2
2 21 0 40 8.4
2 13 0 24 5.0
0 8 0 16 3.4
56 135 32 477 100
normalities among students with cognitive impairment in eastern
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Table 2 Cylinder and the type in each group of disability, in 477 eyes of 241 students.a
Refractive error
Cylinder
Mild ID Moderate ID Severe ID MD Autism Total (N ) %
No astigmatism (þ0.25 D to 0.25 D) 26 75 27 27 12 167 35.0
Total astigmatism eyes 46 107 29 108 20 310 65.0
Mild to moderate astigmatism 0.5 D to 1.75 D,
or þ0.5 D to þ1.75 D
38 79 25 78 19 239 50.0
High astigmatism e2.00 D or þ2.0 D 8 28 4 30 1 71 14.9
Total eyes 72 182 56 135 32 477 100
ID Z intellectual disability; MD Z multiple disabilities.
a Five eyes in the MD group could not be evaluated.
Table 3 Current prescription and new correction.
Spectacles No. of
students (%)
No need 157 (65.1)
Own spectacles adequate 15 (6.2)
Total number of children who might
benefit from new correction
66 (27.4)
Own spectacles unsuitable 11 (4.6)
Not wearing any previous prescription
and might benefit from new correction
55 (22.8)
Students who needed correction of
spectacles but could not cooperate
with spectacle prescription
3 (1.2)
Total 241 (100)
Table 4 Ocular disorders in 482 eyes of 241 students.a
Ocular diagnosis
(counted by eyes)
No. of students Percent
Cataract 8 1.7
Glaucoma 4 0.8
Ptosis 3 0.6
Keratoconus 2 0.4
Corneal leukoma 2 0.4
Retinitis pigmentosa 2 0.4
Lagophthalmos 2 0.4
Aniridia 2 0.4
Aphakia 1 0.2
Phthisis bulbi 1 0.2
Optic atrophy 1 0.2
Ocular diagnosis
(counted by students)
No. of students Percent
Strabismus 36 14.9
Exotropia 8 3.3
Alternating exotropia 20 8.3
Esotropia 6 2.5
Alternating esotropia 1 0.4
Hypo/hypertropia 1 0.4
Nystagmus 22 9.1
a A student may have more than one diagnosis.
Table 5 Prevalence of ocular disorder in each group of
disability.
Types of disability Total Ocular
disorder
Prevalence of
ocular disorder of
each group (%)Yes No
ID group 155 30 125 19.6
Mild ID 36 6 30 16.7
Moderate ID 91 15 76 16.5
Severe ID 28 9 19 32.1
MD group 70 23 47 32.9
Autism 16 2 14 12.5
Total 241 55 186 22.8
Comparison of the ID and MD groups (Fisher’s exact test):
p Z 0.04.
ID Z intellectual disability; MD Z multiple disabilities.
4 W.-S. Tsao et al.
+ MODEL
Please cite this article in press as: Tsao W-S, et al., Ophthalmologic ab
Taiwan: The special group with undetected visual impairment, Journa
10.1016/j.jfma.2016.06.013disorders, including three eyes with cataracts, four eyes
with keratoconus, four eyes with nystagmus, and four eyes
with strabismus (all had esotropia). A comparison of the
incidence of ocular disorders in students with Down syn-
drome (6/16, 37.5%) versus that in the remaining students
(49/225, 21.8%) was not statistically significant by Fisher’s
exact test (p Z 0.21).
Discussion
Circumstances of the ophthalmological examination for
students with cognitive impairment are quite different from
those in general ophthalmological or optometric practices.
Their cooperation was poor, majorly due to nervousness and
fright, and measurement by an autorefractometer was
difficult. We chose a retinoscope as the main tool for
refractive error measurement. Examinations were conduct-
ed at the school, and not in a hospital, because it is a
familiar environment for the students. The examinations
were supported by a known caregiver. The examiner was a
skilled ophthalmologist with pediatric experience and a lot
of patience. If the assessment failed on the first examination
due to poor cooperation, the examiner befriended the stu-
dents for a period of time and became familiar with them as
much as possible before a second or third examination. We
also let the students touch the medical equipment to mini-
mize their apprehension. Eight students underwent a second
examination and four underwent a third examination. It tooknormalities among students with cognitive impairment in eastern
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general ophthalmological clinics. We did not perform ex-
aminations under mydriasis regularly, because the students
were too frightened to apply mydriatic drugs. Pupil dilata-
tion was done only in four students due to their ocular dis-
eases. The results of this study show that visual impairment
and ocular disorders are common in students with cognitive
impairment.
The special education system in Hualien let students with
cognitive impairment, aged 7e15 years and with milder
problems, attend local mainstream classroom. Special edu-
cation teachers go to these schools and let the students
receive part-time specialized instruction individually or in
small groups. These students spend the rest of the day in the
mainstream classroom. This can explain why the student
distribution in the present study revealed fewer students
aged 7e15 years old and fewer students with mild ID.
A comparison of our data with previous studies of normal
child populations in Taiwan showed that the prevalence of
high myopia in students with cognitive impairment is not
higher. The prevalence of high myopia (e6.0 D) in main-
stream school students aged 7e18 years was around 8.2% in
girls and that was around 6% in boys.5 The prevalence of
high myopia in this study was 4.2%. The prevalence of
myopia was not suitable for comparison due to the
different criteria of the two studies. The prevalence of high
astigmatism (cylinder >2.0 D) was higher in this special
group (14.9%), almost three times the prevalence of high
astigmatism in the normal child population in Taiwan
(5.1%).6 Our results were compatible with those of the
study of Chang et al3 which reported that the prevalence of
high myopia was 4.1% and that of high astigmatism was
19.8% among Taiwanese student with ID, aged 15e23 years.
Although they involved children of different age groups, the
two studies showed similar results in that the high myopia
prevalence of cognitively impaired students was not higher
than the normal child population, but the high astigmatism
prevalence was higher. The greater high astigmatism
prevalence might be due to a higher prevalence of corneal
abnormality and cataracts in this group.Table 6 Refractive error and strabismus in children with cognit
Author(s) Country Study type No. of
participan
Chang et al3,a Taiwan Clinical study at
specialized school
68
Sandfeld
Nielsen et al4,b
Denmark Cross-sectional clinical
study in geographically
defined area
923
Das et al1,c United
Kingdom
Clinical study at
specialized school
240
Woodhouse et al2,c United
Kingdom
Clinical study at
specialized school
173
Present studyd Taiwan Clinical study at
specialized school
241
a Refractive errors: myopia <e0.25 D, hypermetropia >þ0.25 D, a
b Refractive errors: myopia e0.5 D, hypermetropia þ2 D, astigm
c Refractive errors: myopia e0.5 D, hypermetropia þ2 D, astigm
d Refractive errors: myopia e1 D, hypermetropia þ1 D, astigma
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and other studies of children with cognitive impairment is
given in Table 6.1e4 Owing to the different cutoff limits of
refractive errors, different ages, and different levels of
cognitive impairment, comparisons between results are
complicated. Sandfeld Nielsen et al4 reported a markedly
higher prevalence of hypermetropia and astigmatism in
children with developmental delay as compared with
normal children. Das et al1 demonstrated that the inci-
dence of hypermetropia (>1.5 D) and that of astigmatism
(>1.0 D) were found to be significantly higher in children
with special needs as compared with normal children. In
the present study, even though we used a lower cutoff
value for hypermetropia (þ1 D) and a higher value for
myopia (e1 D), the results showed a lower hypermetropia
prevalence and a higher myopia prevalence as compared
with studies in other countries. The findings may be due to
geographical differences in refractive errors. The preva-
lence of myopia in Asia is originally higher and that of hy-
permetropia is lower. With a lower cutoff value for
astigmatism (0.5 cyl D), two studies in Taiwan (the study
of Chang et al3 and the present study) showed a higher
astigmatism prevalence than studies in other countries.
Overall, 84 (34.8%) students were found to require
spectacles to improve their daily activities and learning
process, which included 58 (24.0%) students who had not
had spectacles before. Among the 26 students having
spectacles, 11 (4.6%) spectacles were unsuitable due to
overcorrection or undercorrection. Uncorrected refractive
errors and unsuitable correction exist in this socially
vulnerable group. A total of 66 (27.4%) students might
benefit from the new correction. The data are similar to the
findings of Das et al1. They reported that among 228 stu-
dents with cognitive impairment, 15 (6.57%) had inade-
quate spectacles, 40 (17.5%) were not wearing any
spectacles and might benefit from the new correction, and
55 (24.1%) might benefit from the new correction. This
issue is especially important for children because unrec-
ognized correctable refractive errors may lead to missed
therapeutic opportunities.ive impairment.
ts
Age (y) Myopia
(%)
Hypermetropia
(%)
Astigmatism
(%)
Strabismus
(%)
15e23 53.7 18.2 74.4 26.5
4e15 13.5 29.3 17 26.9
5e19 8.3 21.6 30 17.5
2e21 13.9 14.5 18.5 22.1
7e18 27.0 8.4 65.0 14.9
stigmatism 0.5 cyl D.
atism >1.5 cyl D.
atism 0.75 cyl D.
tism 0.5 cyl D.
normalities among students with cognitive impairment in eastern
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were strabismus (14.9%), nystagmus (9.1%), and cataracts
(1.7%). The most common type of strabismus was alternating
exotropia. The prevalence of strabismus in a normal child
population is around 1.28e3.98%.7,8 The high prevalence of
strabismus varied from 14.9% to 26.9% and was noted in
studies of children with cognitive impairment (Table 6).1e4
The result is caused by several etiologies commonly accom-
panying this special group, such as muscle spasm of children
with cerebral palsy and brain damage in prematurity. The
high prevalence (22.8%) of ocular disorders in students with
cognitive impairment is consistent with the findings of other
studies.1,2 Two students diagnosed with glaucoma were
referred to the ophthalmology department of a medical
center for further evaluation. The MD group had a statisti-
cally significant higher prevalence of ocular disorders than
the ID group in this study (pZ 0.04). We assume that the MD
group has a higher risk of genetic abnormality and more
disorders of other systems that might impact their ocular
condition. Currently, no other study compares the preva-
lence of ocular disorders in these two groups. Further studies
are needed to confirm these findings.
Wong and Ho9 showed that the overall incidence of
ocular abnormalities in Chinese children with Down syn-
drome was 69%, and included refractive errors (58%), stra-
bismus (20%), nystagmus (11%), blepharitis/conjunctivitis
(7%), lens opacities (4%), and glaucoma (0.7%). Kim et al10
reported that the overall incidence of ocular abnormal-
ities in Korean children with Down syndrome was 91% (112/
123), 54% of which was refractive error. In this study,
refractive errors, slanting fissures, epicanthus, and epi-
blepharon were not included in ocular disorders. The lower
incidence of ocular disorders in students with Down syn-
drome in this study compared with that in other studies
might be due to this reason. The incidence of refractive
errors in students with Down syndrome was higher in this
study (81.3%) than in the studies of Wong and Ho9 and Kim
et al10. Additionally, in this study, the incidence of refrac-
tive errors was higher in students with Down syndrome than
in the remaining students with cognitive impairment due to
other causes. The students with Down syndrome may need
more attention to their ocular condition. Owing to the
limitation of a small sample size, further study should be
performed for students with Down syndrome.
Students with cognitive impairment in eastern Taiwan
have a high risk of visual impairment and ocular disorders.Please cite this article in press as: Tsao W-S, et al., Ophthalmologic ab
Taiwan: The special group with undetected visual impairment, Journa
10.1016/j.jfma.2016.06.013Importantly, many students have unrecognized correctable
refractive errors. Although assessment is more challenging
than in normal children, identifying these adverse factors
for learning and not missing therapeutic opportunities are
critical. The MD group had a higher prevalence of ocular
disorders than the ID group. Effective vision tests are not
regularly performed in this group in Taiwan. Regular
ophthalmic examination, clear referral pathways, and
closer communication between all involved professionals
are necessary to address this issue and prevent further
disability in this already handicapped group.References
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